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INPUT CONFIGURATION FOR ANALOG TO
DIGITAL CONVERTER

This application claims priority to U.S. Provisional Appli-
cation Ser. No. 61/246,213 filed on Sep. 28, 2009.

BACKGROUND

1. Technical Field

Analog to digital converters (ADC) are disclosed and,
more specifically, configurations and timings of the input
stages of ADCs are disclosed.

2. Description of the Related Art

In all ADC architectures, an input signal 1s sampled at
defined timed intervals and converted into a time discrete
representation with finite resolution. This function consists of
two operations called sampling and quantization. In the sam-
pling operation, the mput signal 1s sampled at a defined point
in time, and the value of the mput signal for that point in time
1s stored for further processing. The sampling operation 1s
very critical as all errors introduced limit the accuracy that
can be obtained for the total system.

For many ADC architectures like pipelined ADCs and suc-
cessive approximation ADCs, the input signal 1s sampled at
the mput stage of the ADC while the quantization function 1s
distributed across the complete converter.

The sampling function 1s very often performed by dedi-
cated circuitry called sample-and-hold (SHA) or track-and-
hold (THA) amplifiers in order to optimize performance.
However, such functions tend to consume a significant
amount of power since the requirement to performance 1n this
first block 1s high.

In order to simplily the system and reduce power dissipa-
tion, several solutions exist to combine the SHA with the
input stage of the ADC 1itself. The following description
assumes a pipelined ADC implemented with a switched
capacitor technique, even though the solutions will be appli-
cable for other ADC architectures, stand alone THAs and
SHAs as well.

An explanation of the principle of a sampling switch can be
found 1 FIG. 1. The sampling block usually consists of a
capacitor 100 that 1s connected to the mput signal during part
of clock period and disconnected from the 1input signal during
the rest of the period. The clock signal controls the switch
101. During the high phase, S, of the clock signal, the switch
1s closed and the 1input 1s connected to the sampling capacitor
100. At the high to low transition of the clock signal, the
switch 1s opened and the value of the input signal at that point
in time 1s stored on the capacitor until the next time the switch
1s closed.

An implementation of such a principle consists of signifi-
cantly more circuitry even though the basic operation of a
sampling switch always follows the principle shown in FIG.
1. In solutions where the SHA 1s combined with other cir-
cuitry inside the ADC, the charge on the capacitor 1s often
changed during the hold period, H. In this period the stored
value of the mput signal 1s used for further processing to
perform the quantization.

A common problem in sampling switches in general, and 1n
particular 1n the situations where the charge stored on the
capacitor 1s changed, 1s the kick-back into the input network
that arises when the switch 101 i1s closed again for a new
sampling period. Assuming a dynamic mput signal to the
sampling switch, the voltage across the capacitor will be
equal to the input signal at the falling edge of the clock signal.
During the hold phase, the voltage across the capacitor will be
kept unchanged, or 1t will be altered by other circuitry. The
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input signal will during the same period change to a different
value. When the switch is closed again, a transient current will
be pulled from the mput signal 1n order to charge the capaci-
tor. This transient current represents noise that 1s kicked back
into the iput signal source. The ability of the mput signal
source to supply the required current to charge the sampling
capacitor, and the speed that can be obtained in this process,
determines the accuracy in the sample and hold process.

Two major solutions have been used 1n previous art to
reduce the requirements to the input signal driver.

One solution consists of adding a butfer amplifier on-chip
right before the sampling switch. This bufler amplifier 1s
designed with sutlicient speed to charge the sampling capaci-
tor to the required accuracy 1n the available time. The kick-
back from the capacitor will then be attenuated by this buifer,
and the input signal driver will therefore not be exposed to the
large transient currents. This solution 1s not optimum from a
noise perspective due to the extra buifer added into the signal
path. This buffer will increase the total noise, increase power
dissipation, and hence reduce the performance of the system.

Another solution consists of resetting the charge on the
capacitor to a fixed value before each time the capacitor 1s
connected to the input signal. This will not remove the tran-
sient current kick-back into the mnput signal source. But as the
kick-back 1s equal for each clock period, 1t can be shown that
the resulting errors are less visible 1n the ADC output spec-
trum, and reduced requirements to the input signal source can
be accepted.

In order to allow for the resetting function, an extra phase
must be introduced 1nto the timing sequence of the SHA. FIG.
2 shows the principle and the timing required to perform such
a resetting function.

An extra switch 102 1s added to discharge the sampling
capacitor prior to each sampling period. This switch 1s closed
when the reset wavetorm shows a high value. The sequence of
operation 1s as follows.

The switches 101 and 102 are open 1n the hold phase, and
the voltage across the capacitor i1s used by other circuitry for
turther processing. This further processing operation must be
finished before the reset signal goes high and the reset Switch
102 1s closed discharging the sampling capacitor to zero
voltage. The switch 102 1s then opened while 101 1s closed
and the sampling capacitor 1s charged to the voltage of the
input signal. The mput voltage i1s then sampled and held
across the sampling capacitor at the time the clock signal goes
low and switch 101 1s opened again. The sampling capacitor
could be charged to a different potential than zero voltage.
But in practice 1t 1s common to discharge 1t to obtain a voltage
as close to zero as possible at the beginning of the sampling
period.

The major disadvantage with this kind of resetting scheme
1s that the total time available for the sampling and hold
periods 1s reduced since a third phase 1s introduced 1nto the
timing sequence. Typically, the reset phase 1s made at the cost
of a shorter sampling phase while the hold phase 1s kept
unchanged. Thus 1s still challenging to make work 1n practice
since the total time for reset and sampling becomes short. A
short sampling time would require higher driving strength 1n
the external amplifier driving the input signal. This would
increase the power dissipation of this amplifier. A shorter hold
pertod would require higher speed, and hence increased
power dissipation, in the sensing circuitry used for further
processing of the sampled voltage.

SUMMARY OF THE DISCLOSUR.

(Ll

The SHA disclosed herein contains an imnput, two or more
sampling capacitors, means for connecting each sampling
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capacitor to said input, means for discharging the sampling
capacitors to a grven voltage 1n a reset phase, means to use the
voltage across the sampling capacitor for further processing,
in a hold phase, operating the two sampling capacitors 1n
anti-phase such that the reset phase and sampling phase of one
channel are performed 1n the time period the other channel 1s
in hold phase.

In a refinement, a disclosed circuit comprises an mput, at
least two sampling capacitors arranged in at least two differ-
ent channels, each sampling capacitor being coupled to the
input when 1n a sampling phase. The sampling capacitors
cach having a reset phase to provide a given voltage recerved
by the input during the sampling phase, a hold phase for
turther processing of the given voltage, and an anti-phase
where the reset phase and sampling phase of one channel are
performed when the reset phase and sampling phase of the
other channel are 1n a hold phase or 1dle.

In a refinement, the circuit comprises a first stage of a
pipelined ADC.

In another refinement, the circuit comprises part of a
sample-and-hold amplifier or a track-and-hold amplifier.

In another refinement, the circuit comprises part of an input
stage of an ADC.

In another refinement, the circuit comprises a differential
configuration.

Other advantages and features will be apparent from the
tollowing detailed description when read 1n conjunction with
the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the disclosed meth-
ods and apparatuses, reference should be made to the embodi-
ments 1llustrated 1n greater detail 1n the accompanying draw-
ings, wherein:

FIG. 1 shows an illustration of a switched capacitor
sample-and-hold circuit 1n accordance with the prior art;

FIG. 2 shows an 1llustration of a prior art switched capaci-
tor sample-and-hold circuit where a reset switch 1s added 1n
order to discharge the sampling capacitor prior to each sam-
pling phase and which shows a single ended implementation
for easier understanding even i1f actual implementations
would be differential;

FIG. 3 shows an illustration of a disclosed embodiment;

FIG. 4 shows a block diagram of the disclosed principle
implemented 1nto a pipeline ADC stage; and

FIG. 5 shows the timing diagram corresponding to FIG. 4.

It should be understood that the drawings are not necessar-
1]y to scale and that the disclosed embodiments are sometimes
illustrated diagrammatically and 1n partial views. In certain
instances, details which are not necessary for an understand-
ing of the disclosed methods and apparatuses or which render
other details difficult to perceive may have been omitted. It
should be understood, of course, that this disclosure 1s not
limited to the particular embodiments illustrated herein.

DETAILED DESCRIPTION OF THE PRESENTLY
PREFERRED EMBODIMENTS

A disclosed scheme used to introduce a reset phase into a
sampling network without reducing the total available time
tor the sampling and hold phases.

FI1G. 3 shows anillustration of the invented scheme that can
be used to avoid reducing the total available time for the
sampling and hold phases. Another advantage with the
scheme 1s that the time for the hold phase 1s doubled. The
available time for the hold phase directly determines the
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required speed and power dissipation of the circuitry used to
post process the sampled voltage. Hence, the invented
scheme reduces power dissipation of the internal circuitry. At
the same time the requirements to the external amplifier 1s
reduced since the introduction of the reset phase does not
require reducing the length of the sampling phase.

The operation of the circuit 1s as follows:

The single sampling capacitor shown in FIGS. 1and 2 1s 1n
FIG. 3 replaced with two parallel capacitors 100 and 105. The
input switches 101 and 106 and reset switches 102 and 107
also have two instantiations as shown in FIG. 3. The wave-
forms represent the operation of the switches with time on the
x-axis. A switch 1s closed when the waveform 1s high and
open when the wavelorm 1s low. Clock A controls the switch
101, reset A controls switch 102, clock B controls switch 106
and reset B controls switch 107.

Starting from the point 1n time represented by the left side
of the waveforms, switch 101 and 102 are open. Switch 102 1s
then closed resetting the sampling capacitor of channel A.

At the next clock edge, switch 102 1s opened and switch
101 1s closed connecting the sampling capacitor of channel A
100 to the input signal, starting the sampling period for chan-
nel A, labeled SA.

At the next clock edge, switch 101 1s opened again, and the
input voltage 1s stored on the sampling capacitor of channel A

100. This period 1s labeled HA. At the same time switch 107

1s closed resetting the sampling capacitor of channel B.

At the next clock edge, channel A 1s still in the hold phase.
Switch 107 1s opened again and switch 106 1s closed connect-
ing the sampling capacitor of channel B 105 to the input
signal, starting the sampling period for channel B, labeled SB.

At the next clock edge the hold period of channel A, HA, 1s
finished and the reset phase of channel A starts, repeating the
operation from the start. Switch 106 1s opened again and the
input voltage 1s stored on the sampling capacitor of channel B,
105, starting the hold period of channel B, HB

By comparison to the ordinary sampling structures shown
in FIGS. 1 and 2, one can see that the hold phases are twice as
long 1n the disclosed SHA. This can be used to reduce power
dissipation in the circuitry used for further processing of the

sampled voltages. Since the hold phases of channel A and
channel B do not overlap 1t 1s possible to use one single
amplifier connected to both of the sampling capacitors 100
and 105 to post-process the sampled voltages. In this case
special circuitry must be added 1n order to switch the ampli-
fier between the sampling capacitors at suitable points 1n
time, and to ensure that this operation does not disturb any of
the two channels.

It can also be seen that the sampling phases SA and SB have
the same duration 1n the disclosed SHA as in the previous art
solution of FIG. 1. In addition, the reset phases RA and RB are
significantly longer than 1n the previous art solution in FIG. 2.
This makes it easier to implement the reset function with good
performance and without significant drawbacks for normal
operation as the available time to perform reset 1s longer.

The disclosed SHA principle can as an example be used 1n
a stage 1n a pipelined analog to digital converter. FIG. 4 shows
an example of such use.

FIG. 4 shows a diagram of an example of a single pipeline
stage 1mplementing the disclosed SHA principle. FIG. 5
shows the corresponding timing diagram for the operation of
the pipeline stage.

The ADC consists of two parallel channels implemented 1n
cach pipeline stage. The input to the two channels are shorted
such that the same si1gnal 1s propagated through each channel.
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Alternatively the two channels could be kept separate, imple-
menting two parallel independent channels. The channels
work 1n anti-phase such that one channel 1s 1n hold mode
when the other channel 1s in sampling mode. The operation of
the pipeline stage 1s as follows.

The input signal to the stage 1s applied to two channels, 400
and 401. The wavetforms i FIG. § labeled clock A corre-
sponds to channel A, 400, and the wavetorms labeled clock B
corresponds to channel B, 401. Assume that channel 400
starts 1in the sampling phase and channel 401 1s 1n hold-mode.
The input signal 1s applied to the sub-ADC of channel 400 1n
parallel to the sampling network. The sub-ADC quantizes the
input signal and outputs N bits at the end of the sampling
phase. These N bits are converted back to an analog voltage
by the DAC, 2, to be used in the hold-phase. During the
sampling phase all switches labeled “S™ are closed. These
switches are opened at the end of the sampling phase sam-
pling the input voltage on the sampling capacitors C.and C,,.
In the hold phase, the switches labeled “H” are closed. This
closes the loop around the amplifier comprising of the OTA
iput stage (3) and the OTA output stage 4, and the mput
voltage 1s amplified and held on the stage output terminal The
DAC output voltage 1s also subtracted from the output
through the capacitive teedback network of C. and C,,. This

functionality 1s exactly equal to an ordinary pipeline stage.

While channel 400 has been in the sampling phase, channel
401 has been 1n hold-phase. At the end of the hold phase, the
switches labeled “H” are opened and the reset switches
labeled “R” are closed. The sampling capacitors are dis-
charged. At the next phase, the reset switches labeled “R” are
opened and the sampling switches labeled “S” are closed
starting the sampling phase again. When the two channels
switch the phase, the OTA output stage, 4, switches operation
from one channel to the other. Theretore the OTA output stage
1s active 100% of the time while 1t 1s 1dle during the sampling
phase of an ordinary pipeline stage. In FI1G. 4 the OTA 1nput
stage will be 1dle during the sampling phase of their respec-
tive channel. However, 1n a typical implementation the major-
ity of the current 1s tlowing in the OTA output stage. Hence,
there 1s significant savings 1n power dissipation 1n the ampli-
fier by sharing 1t between two sub-channels.

The CHSEL, channel A output and channel B output show
timing and availability of the output signals from the stage.
These signals will be required to operate the stage 1n a pipe-
lined ADC.

Although the forgoing text sets forth a detailed description
of numerous different embodiments of the invention, it
should be understood that the scope of the invention 1s defined
by the words of the claims set forth at the end of this patent.
The detailed description 1s to be construed as exemplary only
and does not describe every possible embodiment of the
invention because describing every possible embodiment
would be impractical, 1f not impossible. Numerous alterna-
tive embodiments could be implemented, using either current
technology or technology developed after the filing date of
this patent, which would still fall within the scope of the
claims defining the invention.

While only certain embodiments have been set forth, alter-
natives and modifications will be apparent from the above
description to those skilled 1in the art. These and other alter-
natives are considered equivalents and within the spinit and
scope of this disclosure and the appended claims.

The mvention claimed 1s:

1. A circuit comprising;:

an 1nput;

at least two sampling capacitors arranged 1n at least two

different channels, each sampling capacitor being
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coupled to the input when 1n a sampling phase for storing,
a value of an 1put signal,
the sampling capacitors each having a reset phase to pro-
vide a given voltage to the sampling capacitor prior to
the sampling phase, and each sampling capacitor having
a hold phase following the sampling phase for further
processing of the stored value of the input signal, and
wherein the sampling capacitors operate 1n anti-phase to
cach other such that the reset phase and sampling phase
of one channel are performed when the other channel 1s
in a hold phase or 1dle.
2. The circuit according to claam 1 wherein the circuit
comprises a first stage of a pipelined ADC.
3. The circuit according to claam 1 wherein the circuit
comprises part of a sample-and-hold amplifier.
4. The circuit according to claam 1 wherein the circuit
comprises part of a track-and-hold amplifier.
5. The circuit according to claim 1 wherein the circuit
comprises part of an mput stage of an ADC.
6. The circuit according to claim 1 further comprising a
differential configuration.
7. A circuit comprising;
an put;
at least two sampling capacitors arranged 1n two difierent
channels, the sampling capacitors coupled to the input 1n
a sampling phase for storing a value of an mput signal;
the sampling capacitors also having a reset phase to pro-
vide a given voltage to the sampling capacitor prior to
the sampling phase, and the sampling capacitors having
a hold phase following the sampling phase for turther
processing of the stored value of the mput signal; and
an amplifier comprising one mput stage per sampling
capacitor and a common output stage, wherein the sam-
pling capacitors anti-phase with respect to each other
such that the reset phase and sampling phase of one
channel are performed when the other channel 1s 1n a

hold phase or 1dle.

8. The circuit according to claim 7 wherein the circuit
comprises a first stage of a pipelined ADC.

9. The circuit according to claim 7 where the circuit com-
prises part of a sample-and-hold amplifier.

10. The circuit according to claim 7 where the circuit
comprises part of a track-and-hold amplifier.

11. The circuit according to claim 7 wherein the circuit
comprises part of an mnput stage of an ADC.

12. The circuit according to claim 7 further comprising a
differential configuration.

13. A method of processing an input signal 1 a circuit
comprising an put and two sampling capacitors, each
arranged 1n a separate channel, the method comprising:

(a) discharging each sampling capacitor to a given voltage

1n a reset phase;

(b) connecting each sampling capacitor to the mput and
storing a value of the input signal at the sampling capaci-
tor 1n a sampling phase following the reset phase;

(¢) processing the stored value of the mnput signal in a hold
phase after the sampling phase; and

(d) repeating steps (a) through (c) a plurality of times;

wherein the sampling capacitors anti-phase with respect to
cach other such that the reset phase and sampling phase
of one channel occur when the other channel 1s 1n a hold
phase or 1dle.
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